Aims: The aim of this study was to characterize bacteria isolated from circulating Kenyan banknotes and also antibiotic susceptibility profiles within Nyeri County. Study Design: This was a cross-sectional study and simple random sampling was used to collect 25 of each paper currency denomination. Place and Duration of Study: Samples analyses were done at Outspan Teaching and Referral Hospital (OTRH) laboratory, between March, 2019 and April, 2019. Methodology: Total of 125 currencies of five different denominations were collected from different marketing sources such as Butcheries, Restaurants, Health facilities, Mpesa outlets and Transport Saccos and dropped in sterile bags. The bacterial isolates were characterized on the basis of their morphology, staining and biochemical tests. Antibiotic sensitivity tests were done by Kirby Bauer disc diffusion technique. Results: Total of 19 different bacterial species were isolated from five Kenyan Bank note currencies. Of these, 37 (52.2%) was Staphylococcus aureus followed by Staphylococcus sciuri ssp.lentus 7 (9.9%), Staphylococcus gallinarum 2 (2.8%), Staphylococcus intermedius 6 (8.5%), Muguongo et al.; MRJI, 28(2): 1-12, 2019; Article no.MRJI.49596 
INTRODUCTION
Money is any medium of exchange that is widely accepted in payment for goods, services and in settlements of debts. Paper currency is widely exchanged for goods and services in countries worldwide [1] . It also serves as a standard of value for measuring the relative worth of goods and services [1] . Modern scientific techniques have confirmed these theories and have shown that viable pathogenic organisms (viruses, bacteria, and fungi) can be isolated on the surfaces of both paper and coin currency [2] .
Contamination of materials by pathogenic microorganisms is of public health concern as contaminated materials could be a source of transmitting microbial pathogens [3] . Movement of materials from hand to hand makes it more prone to contamination by pathogenic organisms. Polymer currency therefore, poses a serious threat to public health since communicable diseases could also be contracted through formites [2] .
Currency is handled by all categories of people and may be contaminated during coughing, sneezing, touching with hands and placement on dirty surfaces. Many people tongue-wet their fingers when counting money and contaminate their fingers as well as currency notes. So, it is obvious that gets on hands may be transferred to money and vice-versa [4] . Paper banknotes have a large surface area for bacterial attachment and would be a vector for transmission of potentially pathogenic microorganisms between populations [5] . The risk of microbial transfer by paper currency is influenced by factors such as paper value and duration of usage [6] .
Studies on the persistence of pathogens on paper currency showed that currency notes are considered as a potential cause of food-borne diseases [7] . There are evidences of isolation of food-borne pathogens including Salmonella spp, E. coli, S. aureus, P. aeruginosa, enterococci spp and Serratia marcescens from the banknotes of different countries [8] . Various pathogens which may cause throat infection, pneumonia, peptic ulcers, tonsillitis, urino-genital tract infections, gastro enteritis and lung abscess had been reported [9] . According to a study 100% notes were contaminated with E. coli, Klebsiella pneumonia, Pseudomonas aeruginosa and Staphylococcus aureus [2] and similar bacteria also found on the currency notes of Coimbatore city, Tamil Nadu [10] . Orukotan Antimicrobial resistance capabilities of microorganisms have become a major public health concern in many regions of the world [12, 13] . So investigation of the situation of antibiotic resistance capabilities in bacteria is essential to gauge the level of threat. Knowledge of the microbial diversity of currency notes in circulation can provide the basis for raise health consciousness in people during currency handling and effective control of infection transmission. The aim of this study was to characterize bacteria isolated from circulating Kenyan banknotes and also antibiotic susceptibility profiles within Nyeri County.
MATERIALS AND METHODS

Study Area
Nyeri County is a county in the central region of Kenya. Nyeri town is the capital and largest town is Nyeri County. It has a population of 661,156 and an area of 3,356 km² making it one of the most densely populated areas in Kenya.
Sample Collection and Transport
The study currency notes were collected during period between March, 2019 and April, 2019. The control sample bank notes were collected at random from the tellers in the Central Bank Nyeri. The experimental sample notes were collected from different marketing sources such as Butcheries, Restaurants, Health facilities, Mpesa outlets and Transport Saccos. To collect the currency notes, the individuals were asked to drop the currency into a sterile zipped plastic packet, which were sealed and immediately transported to the Outspan Teaching and Referral Hospital (OTRH) laboratory for microbial analysis [9] . 
Study Design
This was a cross-sectional study and simple random sampling was used to collect 25 of each paper currency denomination.
Sample Size
The currency notes studied were fifty, one hundred, two hundred, five hundred and one thousand Kenyan shillings notes. The study had a total sample size of 125 bank notes and five control bank notes, one from every denomination.
Isolation of Microbes
The currency notes were dipped in sterile normal saline and vigorously shaken for 3 minutes. A sterile cotton swab was dipped and inoculated in blood agar and Mac Conkey agar for each note. The plates were incubated at 37°C for 18-24 hours. After 18-24 hours the plates were observed for bacterial colonies.
Morphological and Biochemical Characterization of the Isolates
The bacterial isolates were characterized on the basis of their morphology, staining and biochemical tests. Gram staining was done as described by Barrow and Feltham [14] . All isolated microorganisms were subjected to microscopic examination and the shape, arrangement and Gram's reaction were detected and recorded. For biochemical test, the study used cypress diagnostic Bacterial Identification System for both gram positive and Gram negative consisting of 24 miniaturized biochemical tests.
Susceptibility Studies on the Bacteria Isolates
The 
Data Analysis
Descriptive statistics was used to analyze various data from the laboratory. These included averages, percentages and frequencies. Continuous data were expressed as means and categorical data expressed as proportions. Statistical analysis was performed using statistical package for social sciences (SPSS) software for Windows, ver. 21 (SPSS, IBM, USA).
Ethical Considerations
The research proposal was submitted to Kenyatta University and Outspan Teaching and Referral Hospital (OTRH) for approval to conduct the research.
RESULTS AND DISCUSSION
Types of Bacterial Contaminants in Bank Notes
From the study 69 (55.2%) were dirty and 56 (44.8%) were clean. 100% of the currency notes used as control from Nyeri Central Bank were mint. It is worth noting that bacterial growth was not detected in 5 samples of mint "newly printed" banknotes. Lack of growth in these notes might be attributed to the fact that they had not been in circulation that exposed them to usage and handling. However, some researchers believed that uncirculated notes are contaminated with fastidious organisms and the media or culture conditions employed were inappropriate for their isolation [16] . Fig. 1 . Different species of bacteria isolated in this current study are almost similar to the studies done in Saudi Arabia, Pakistan, Ghana, Nigeria, and US [19, 20, 21, 22] . All these studies established gram positive bacteria as the major isolates from the contaminated currencies which agrees with our current study.
The most common Gram positive bacterial isolates from this study was Staphylococcus aureus 37 (66.1%). This occurrence is fully supported by similar researched work on microbiological evaluation of naira notes handled by fish sellers in umuahia metropolis and bacterial contamination of Nigerian currency notes and associated risk factors [23] .
Staphylococcus aureus is commonly present on the skin and in the nasal passage of human and its presence in paper currency is also abundant [22] . The coagulase-negative staphylococci are part of the normal human flora and sometimes cause infections such as food poisoning [22] and other diseases often associated with implanted appliances and devices [22] , especially in very young, old, and immunocompromised patients. Though Staphylococcus aureus are part of the normal flora of the skin and mucous membrane, their high incidence has clinical significance and they are considered well-recognized pathogen. A number of studies have documented the clinical significance of S. aureus as a causative agent of urinary tract infections [22] . S. aureus is also associated with toxic shock syndrome, skin infections e.g. frunculosis and respiratory tract infections. From this study, the bacterial isolates that were isolated from this study were associated with oral, nasal and skin contamination. Contamination of different objects by potential pathogenic microorganisms is a serious concern of public health because items that pass from one hand to another gives the opportunity of contamination with wide range of pathogenic microorganisms [24] .
Of the 71 isolates, 15 (21.1%) Gram negative bacteria isolated from Kenyan bank notes include: Burkholderia cepacia ssp.komplex 1 (6.67%), Aeromonas enteropelogenes 1 (6.67%), Kluyvera ascorbata 1 (6.67%), Aeromonas media 3 (20.0%), Raoultella ornithinolytica 1 (6.67%), Enterobacter cloacae 1 (6.67%), Klebsiella oxytoca 2 (13.3%), Leclercia adecarboxylata 1 (6.67%), Vibrio metschnikovii 1 (6.67%), Proteus penneri 1 (6.67%), Myroides odoratus 1 (6.67%) and Yersinia pestis 1 (6.67%) as shown in Fig. 2 .
The dominant gram negative bacterial isolates from this study was Aeromonas media 3 (20.0%) followed by Klebsiella oxytoca (13.3%) as shown by Fig. 2 [26] in India that, found Proteus sp. to be one of the predominant organisms isolated from contaminated currency. [26] suggested that the Bangladesh paper currency commonly contaminated with pathogenic microorganisms and this contamination may play a significant role in the transmission of potentially harmful microorganisms or different diseases such as cholera, diarrhea, skin infections and also poses antibiotic resistant. The presence of these bacterial contaminant may cause a wide variety of diseases from food poisoning, wound and skin infections, respiratory and gastrointestinal problems to life threatening diseases such as meningitis and septicemia [28] . Paper notes of currency which is handled by a large number of people increase the possibility of acting as environmental vehicle for the transmission of potential pathogenic microorganisms [4] .
Mohamed et al. [29] in a study of bacterial contamination on Libyan paper banknotes in circulation found Enterobacter cloacae (11%), Klebsiella pneumonia and Enterobacter, Kluyvera spp (4%) which is a lower percentage from our current study that found Enterobacter cloacae (1.4%), Klebsiella oxytoca (2.8%), Kluyvera ascorbata (1.4%). The presence of these pathogenic bacteria in this current study reveals that the majority of people are exposed to contaminated currency notes. Keeping money in dirty places and as a habit, wetting fingers with saliva while counting currency notes suggests that humans are the major source of microorganisms on currency. As damaged or soiled notes are contaminated, they are particularly dangerous to health. Additionally, unwashed fingers contained many microorganisms, of which could be transient or resident [4] . These practices, including indiscriminate coughing, sneezing and defecation with indecent handling of currency notes were the most common sources of contamination [3, 9] . Furthermore, the materials of which the currency was manufactured are probably a factor that affects the survival of microorganisms on the banknotes [2] .
Generally, lower value denomination currencies 50sh and 100sh were more contaminated with bacterial species than higher value denomination ones like 500sh and 1000sh. The current study agrees with a study by Yakubu et al. [30] that, currency notes of lower denominations were the most contaminated, presumably because lower denomination notes pass through more hands in their lifetime than the higher denomination notes. A study by Pavani and Srividya [31] established that most prevalent contamination (100%) was found among the Rupees 10 notes and coins and least prevalent contamination was found in Rupees 50 and 100. The denomination notes which receive most handling and exchanged S (5/6) S (6/6) R (4/6) S (6/6) S (6/6) R (4/6) R (5/6) R (3/6) Staphylococcus sciuri ssp.lentus S (7/7) S (7/7) S (6/7) S (7/7) many times are more prone for contamination than other notes. Similar results were stated by Azza et al. [32] that found large denominations for their savings either at home or in banks which may keep them away from hand contamination for a period of time. Table 2 shows resistance rates of all bacterial isolates; overall isolates exhibited resistance to vancomycin, amoxycilin and clindamycin with percentages 40 (71%), 28 (50%), and 37 (66%) respectively. On another hand, isolates of all bacterial species showed absent or little resistance rates against antibiotics like ceftriaxone, tetracycline, gentamycin, ciprofloxacin and Erthromycin that were 2 (3.5%), 2 (3.5%), 2 (3.5%), 3 (7%) and 20 (35.7%) respectively. It is known that infection by multidrug-resistant bacteria limit therapeutic options and subsequently facilitate the dissemination of these strains. Paper currency notes collected from meat sellers in market places of Tanga city of Tanzania shows that 28.125% S. aureus isolates were multidrug resistant. S. aureus isolates resistant to vancomycin also resistant to Methicillin [35] . This study supported by study conducted in Lusaka, Zambia, A total of 205 paper currency notes were collected from restaurants and hotels and the prevalence of S. aureus is 25.85% [36] .
Antibiotic Susceptibility Testing
According to Table 3 , the study found that all 14 (100.0%) of the gram negative bacteria isolates were susceptible to Gentamycin, Ciprofloxacin and Tetracycline which concurs with a study by Vriesekoop et al. [37] who also found gram negative bacteria like Klebsiella sp, Entrobacter sp and Proteus sp to be sensitive to Amoxoftine, Gentamicin, Nalidixic acid and Ofloxacin. The development of antimicrobial resistance in bacteria renders some infections untreatable today and antimicrobial resistance is now a major health concern [12] .
This study revealed that many multidrug resistant strains of different isolates were prevalent in the Kenyan bank note currencies that further emphasize the public health significance of the notes and clearly indicates a marked resistance to the commonly used antibiotics. For example; isolates of various gram negative bacterial species recorded high rates of resistance collectively as 9 (64%), 8 (57%) and 6 (43%) against vancomycin, clindamycin and amoxycilin respectively. This result agree with [38, 39, 40] presence of multidrug-resistant strains poses a big challenge to human survival and continued existence in relation to bacterial infection and diseases that is highly consequential when contracted by the debilitated individuals. The observed high antibiotic resistances could be attributed to the abuse of antibiotics which showed that majority of the populace sampled purchases antibiotics in the open market without any medical prescription and use them for the wrong diseases and infections [40] . Antibiotics like ciprofloxacin, gentamicin, ceftriaxone and tetracycline; collectively expressed absent and little resistance rates. This latter observation goes with [39, 40] . It is therefore suggested that individuals should improve upon their personal health consciousness by washing hands after handling of currency notes [28] . Babies must be prevented from handling currency notes and adults should avoid using saliva during counting of paper.
CONCLUSION
This study revealed that Kenyan banknote currencies circulating in Nyeri County were contaminated with different pathogenic and potential pathogenic bacteria including multi drug resistant strains. Hence, great care must be taken while handling money during the preparation and handling of food to avoid cross contamination. So, awareness related to the improvement of personal hygiene and good money handling practice such as washing hands properly with soap and water after handling currency before eating and avoiding using saliva during counting money are strongly
